Sacubitril/Valsartan and HF Therapy β-blockers, mineralocorticoid receptor antagonists (MRAs), diuretics, digitalis glycosides implanted cardioverter/defibrillator devices, and previous coronary revascularization. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 
Methods

Patients
The background and results of PARADIGM-HF have been published. [1] [2] [3] Briefly, PARADIGM-HF was a randomized, double-blind, and prospective comparison of sacubitril/valsartan with enalapril in patients with chronic heart failure with reduced EF. Eligibility requirements at screening included an age of at least 18 years, New York Heart Association functional class II-IV symptoms, and a left ventricular EF of ≤40%. Patients were required to be taking an ACE inhibitor or angiotensin receptor blocker in a dose equivalent to enalapril 10 mg daily for at least 4 weeks before screening, along with a stable dose of a β-blocker (unless contraindicated or not tolerated) and a MRA if indicated. Exclusion criteria included symptomatic hypotension or systolic blood pressure <100 mm Hg at screening or <95 mm Hg at randomization, estimated glomerular filtration rate <30 mL/min per 1.73 m 2 , serum potassium >5.2 mmol/L at screening or >5.4 mmol/l at randomization, and unacceptable side effects to ACE inhibitors or angiotensin receptor blockers. The trial was approved by the ethics committees at each institution participating in the trial, and all patients gave written, informed consent.
Trial Outcomes
The primary outcome of PARADIGM-HF was the composite of cardiovascular death or heart failure hospitalization, and examination of each component of this composite was prespecified. In this report, we examine the effect of sacubitril/valsartan compared with that of enalapril on the primary outcome and cardiovascular death
Background Treatment Subgroups
We examined the effect of sacubitril/valsartan, compared with that of enalapril according to background pharmacological and device therapy. Subgroups were limited to those >1000 and only split into 2 groups to minimize the likelihood of a type 1 error. 15, 16 Therefore, the groups analyzed included diuretics (yes/no), digitalis glycoside (yes/ no), MRA (yes/no) and defibrillating device (implantable cardioverter-defibrillator or cardiac resynchronization therapy plus defibrillator, yes/no). The subgroups of patients not taking a β-blocker and without cardiac resynchronization therapy were too small to analyze. We did, however, examine the effect of study drug according to β-blocker dose, defined as ≥50% target dose and <50% of target dose. Target daily doses were taken from contemporary guidelines and included carvedilol 50 mg, bisoprolol 10 mg, metoprolol succinate 200 mg, metoprolol tartrate 200 mg, and nebivolol 10 mg; patients (n=254) taking other β-blockers were classified as taking <50% target dose. We also examined the effect of study drug according to whether patients had undergone previous coronary revascularization, given the evidence that surgical revascularization has beneficial effects on clinical outcomes.
Statistical Analysis
The efficacy analyses were performed using a Cox proportional hazards model, including treatment and region. An analysis was performed in each subgroup, and a treatment-by-subgroup interaction 
Results
The large majority of patients in PARADIGM-HF were treated with a diuretic (80%) and β-blocker (93%); 3645 patients (47% of those taking a β-blocker) were treated with ≥50% of a guideline-recommended dose of β-blocker. Of the 8399 patients randomized, 4671 (56%) were treated with an MRA, 2539 (30%) with a digitalis glycoside, and 1243 (15%) had a defibrillating device in situ. Overall, 2640 (31%) had a history of coronary revascularization. Figures 1 and 2 and F, by β-blocker dose <50% and ≥50% of target). Sacubitril/Valsartan and HF Therapy coronary revascularization, the pattern was reversed, with a lower risk of death from cardiovascular causes compared with those who had not undergone coronary revascularization. In the case of β-blockers, those receiving a lower dose had worse outcomes than those taking a higher dose. The Table summarizes the sacubitril/valsartan versus enalapril hazard ratio for the primary composite outcome of cardiovascular death or heart failure hospitalization, and cardiovascular death alone, according to background therapy. As can be seen, the benefit of sacubitril/valsartan over enalapril was consistent across all treatment subgroups, with no suggestion of a statistically significant interaction between background therapy and treatment effect for either end point.
As described in the Methods section of this article, we did not examine subgroups with <1000 patients because the increased play of chance with small numbers. We did, however, examine the effect of sacubitril/valsartan compared with that of enalapril according to background β-blocker dose. The effect of sacubitril/valsartan, versus enalapril, was identical in patients treated with ≥50% of target doses of β-blockers, compared with those treated with a lower dose (Table) .
Among patients with a defibrillating device, the effect of sacubitril/valsartan, versus enalapril, on both outcomes analyzed was similar to that in patients without such a device (Table) .
No diuretic Diuretic
No Finally, patients with and without previous coronary revascularization also had a similar benefit of sacubitril/valsartan over enalapril (Table) .
There were a few minor differences in the baseline characteristics between treatment groups within each subgroup; however, if corrected for multiple comparisons, none were statistically significant (Data Supplement). The estimate of effect of sacubitril/valsartan on the primary end point and cardiovascular death was not changed by adjusting for these variables in a multivariable model (Data Supplement). 
No implanted cardioverter defibrillator
Discussion
PARADIGM-HF was designed to compare sacubitril/valsartan to an ACE inhibitor in a broad spectrum of patients with heart failure with reduced EF using the target dose of enalapril shown to reduce mortality, when compared with placebo, in the SOLVD-T treatment trial (Studies of Left Ventricular Dysfunction). 6 When SOLVD-T was conducted, background therapy consisted mainly of diuretics (85%) and a digitalis glycoside (67%); only 7.7% of patients were treated with a β-blocker at baseline.
Since the completion of SOLVD-T, digoxin has been shown to reduce the risk of hospital admission for worsening heart failure when added to an ACE inhibitor and, more importantly, other treatments, notably β-blockers, and MRAs have been shown to reduce both mortality and hospitalization when used incrementally. [7] [8] [9] [10] [11] [12] Implantable cardioverter/defibrillators, which also reduce mortality, are another innovative treatment introduced since the time of SOLVD-T. 13 Finally, the use of coronary revascularization has also become more prevalent since the time of SOLVD-T (31% of patients in PARADIGM-HF had undergone this when compared with 21% patients in SOLVD-T) and has recently been shown to improve long-term survival in patients with heart failure with reduced EF and obstructive epicardial coronary artery disease. 14 Consequently, it is important to examine whether sacubitril/valsartan, proposed as a more effective alternative to an ACE inhibitor, had a consistent benefit over enalapril irrespective of contemporary background therapy. We have clearly shown that this is the case with respect to digitalis glycosides and MRAs. Because β-blockers were used in the vast majority of patients, we could not carry out a meaningful analysis of the effects of sacubitril/valsartan in individuals not receiving this treatment. We did, however, examine the effect of sacubitril/valsartan according to β-blocker dose and found that the benefit over enalapril was consistent irrespective of dose category. The findings were similar for patients with and without an implanted defibrillating device and also for patients who had previously undergone coronary revascularization.
In each treatment subgroup, the incidence of the primary end point was higher in patients who received the treatment of interest than in those who did not, likely reflecting confounding by indication, that is, that these additional therapies were used in patients with more advanced heart failure (eg, a severely and persistently reduced left ventricular EF) or with comorbidities associated with worse outcomes (eg, atrial fibrillation). The same was largely true for cardiovascular death with 2 exceptions. The rates of cardiovascular death were similar irrespective of defibrillating device status although there were relatively few events in those with such devices and limited power to show a difference between patients with and without a device. In patients with previous coronary revascularization, the rate of cardiovascular death was lower than in those without previous revascularization (ie, the converse of what was seen for the primary end point). This may be a chance finding, reflect confounding by indication (surgery is more likely to be undertaken in healthier patients), or a powerful effect of revascularization on survival but not hospital admission. In the case of β-blockers, the worse outcomes in those taking a lower dose may reflect confounding (sicker patients unable to tolerate higher doses) or a greater benefit from higher doses. 17 As with all analyses like these, there are limitations. Most of these subgroups were not prespecified. Despite requiring each subgroup to include at least 1000 patients, such analyses are inherently underpowered. We could not examine the effect of sacubitril/valsartan compared with that of enalapril in patients receiving other evidence-based therapies. 18, 19 The use of evidence-based, guideline-directed therapies may have led to confounding by indication and geographic variations in their use may have led to further confounding. However, analyses of the geographic variation in efficacy of sacubitril/valsartan confirmed that the efficacy of the drug did not vary by geographic region. 3 Furthermore, our results were adjusted for geographic region as randomization was stratified by region and further adjustment made no difference to the findings. 20 Only 574 patients had a cardiac resynchronization therapy device implanted, and both ivabradine and hydralazine combined with isosorbide dinitrate were used infrequently.
In summary, we found a consistent benefit of sacubitril/ valsartan, over an ACE inhibitor, regardless of background therapy, including the use of a diuretic, MRA, digoxin, and implanted cardiac defibrillator. A similar benefit was also observed in patients with and without previous coronary revascularization and irrespective of β-blocker dose.
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